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Abstract 
The uncertain influential factors of the accident rate   of overtopped earth-rock cofferdam are extremely complicated, 
especially the time variability property of engineering aging, which can greatly change the random behavior of. 
Bayes approach was applied to analyze the random behavior of , and the break rate of overtopped earth-rock 
cofferdam was predicted by parameter back analysis in this paper. Based on the hypothesis of Bernoulli model and 
concept of equivalent samples, the prior information of accident rate may be regarded as the sample information 
obtained from engineering practice. Its distribution accords with that of Beta conjugate function. By this method, the 
computation of the posterior distribution of accident rate can be simplified. 
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1.  Introduction 
Some mountain rivers are narrow; the flood collecting is short and changeable with huge peak. 
Therefore, it has good technical and economic advantages to apply the diversion method of holding water 
and allowing foundation ditch submersion for overtopped earth-rock cofferdam.  
According to the observation data and experimental investigation, the destabilization of overtopped 
earth-rock cofferdam is mostly caused by downstream revetment or local failure of cofferdam feet [1]. The 
most unfavorable condition is not definitely appearing when the flow rate is the largest, but may appear 
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when the flow rate is small (even smaller than the designed one). Therefore, although downstream 
protection is carried out for overtopped cofferdam according to the standard of flood routing, the 
cofferdam-break risk is still existed.  
The unit discharge is one of the most important influential factors of overflow. It is generally considered 
that the greater the flow rate of slop is, the larger the kinetic energy is, and thus the worse the overflow 
condition of cofferdam will be. Actually, it is incorrect. In is indicated in [2] that the flow behavior changes 
with the flow rate of upstream during the earth-rock cofferdam construction period, so does the 
destabilization part. As the increasing of cofferdam face spillway discharge, the three typical flow patterns 
will show up： 
(a) When the downstream water level is not very high, far-flooding hydraulic jump will appear. The 
easy destabilization part is in the slop of downstream cofferdam; the block in downstream slop will slide or 
roll due to the seepage flow and surface current; (b) When there is certain discharge capacity and height in 
the downstream water level, critical hydraulic jump will appear in the downstream cofferdam. At that 
moment, the discharge capacity is relatively large, the current in the cofferdam face flows fast, and there 
may be sliding and rolling for the cofferdam face blocks due to the surface current. The downstream slop 
above cofferdam downstream water level is easy to become sliding or rolling instability due to the seepage 
flow and surface current. While the stability conditions of the downstream slop below cofferdam 
downstream water level is relatively good; (c) When the discharge capacity continues to increase and the 
downstream water level exceeds the cofferdam top, the undulatory jump will appear. The easy 
destabilization part is at the top, while the cofferdam downstream slop is in good condition. 
2. Accident rate during protective face overflowing period 
Based on the influence of other uncertainty factors of construction diversion system, water head of 
erosion preventing velocity was put forward, and a designed accident rate model of cofferdam overflow 
condition was established in [2]. It was believed that the flow rate water head of over earth-rock cofferdam 
downstream slop tail water level could be considered as index to measure the overflow conditions. The 
designed accident rate the overflow condition of overtopped cofferdam protective face can be defined as: 
the rate of water head of erosion preventing velocity which is corresponding to the flow rate water head h 
of downstream protective slop tail water level when exceeding the designed overflow condition. It can be 
written as:  
)( vvRf hhpp                                                                                             (1) 
23)(2)( zhgmBhq                                                                                         (2) 
In formula (2), q is the unit discharge of overtopped earth-rock cofferdam, h is the water level, z is the 
cofferdam top elevation, and B is the width of cofferdam top overtopped face. Formula (1) represents the 
accident rate of annual overflow period. If the usage period for a cofferdam is N years, then the probability 
of the at least happening once of the unexpected event “hv is bigger than hvR” during N is marked as , 
which means the accident rate of perennial overflow period. 
The stability of overtopped earth-rock cofferdam is significant for the safe construction of permanent 
structures in the foundation ditch. The studying of the accident rate  of overtopped earth-rock cofferdam 
is very important for determining the randomicity of discharge capacity of the discharge structures and 
quantitatively analyzing the flood protection of the dam.  
The uncertainty factors which can influence the accident rate are very complex, including hydrology 
uncertainty, hydraulic uncertainty etc. Especially for the overtopped earth-rock cofferdam, overflow 
happens frequently during each flood season, and the time variability property of each random factor is 
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much more obvious. Therefore, the accident rate of overtopped earth-rock cofferdam is determined to be 
a tough problem.  
Bayes approach, which is an important part of mathematic statistics, is a distinguish statistic information 
processing method. In this paper, Bayes approach is applied to introduce the time variability property of 
earth-rock cofferdam into the quantitative analysis of . 
3. Characteristic of Bayes 
  can be influenced by all kinds of uncertainty factors. Thus it can be considered as a random variable, 
 = ),,( 21 nxxxt                                                                                                                                      (3) 
Where: t is the overtopping time of earth-rock cofferdam; x1、x2…xn are all kinds of random influential 
factors. 
Due to complexity and time variability property of random influential factors, it is very difficult to 
determine by common mathematical analysis method. The deduction theory of Bayes approach supplies a 
practical way to determine [3].  
Bayes approach focuses on taking advantage of all useful information to improve the reliability of 
predicting the random factor distribution. Basically, it describes how to modify and update the current rate 
distribution rule by using sampling information. It is a learning process.  
Considering   is a continuous random variable, the sampling information related to   is y, then the 
expression of Bayes is:  
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Where: f( ) is prior density function which reflects prior information;  f (y | ) is likelihood function 
which reflects the sampling test results, i.e. sample information;  f( |y) is posterior density function which 
integrates the calculating result of sample information and prior information, i.e. posterior information.  
In (2), f( )、f( |y) must satisfy the nonnegativity condition of probability function, and 
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The similar explanation is suitable for the Bayes formula of discrete random variable.  
According to Bayes approach, prior function f( ) is the evaluation of the probability of random variable 
 before observing the sample data. It may be a subjective selection, including experience, intuition, 
judgment, which reflects the confidence coefficient of the valuator person. It also can be a given 
probability distribution according to the recorded data. It is demanded that f( ) should reflect the existed 
information as much as possible. Likelihood function f (y | ) is the probability distribution of observed 
sample output result, which is in direct proportion to a conditional probability. It not only can be used for 
direct evaluation, but also can be simply determined by hypothetical random process model. Posterior 
function f( |y) is the result of prior information and sample information. If new samples are continued to 
be gathered, then the original posterior function will be prior distribution in respective to the new sample 
information. In this way, the prediction precision of f( |y) can be updated continuously.  
As for the Bayes assertion of overtopped earth-rock cofferdam accident rate , the input discussion and 
evaluation conditions are as follows:  
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(1) The evaluation of prior probability. As for the new water conservancy project, the random 
distribution f( ) can be given on the basis of the same scale overtopped earth-rock cofferdam. As for the 
built project, the prior probability distribution f( ) can be quantified according to the existed information 
on the basis of accumulating certain prototype observational data. It must be pointed out that the evaluation 
of prior probability according to the existed information is very significant because some influential factors 
are included in it.   
(2) The evaluation of likelihood ratio. It is necessary to check the overtopped earth-rock cofferdam after 
each overflowing, so does the determination of likelihood ratio f (y | ) based on the checked results, which 
reflects the changes of overtopped earth-rock cofferdam as time varies and the function of its aging factors. 
The likelihood ratio will change if the cofferdam is updated. It all proved that ignoring the sampled 
likelihood ratio cannot reflect the influence to by time variability.  
4. Beta Conjugate Distribution of Bernoulli Process  
The difficulty of conducting continuous Bayes assertion by formula (4) is the calculation of integral 
function. Sometimes the discrete approximation of continuous model is adopted to avoid it; while 
“conjugate prior distribution” is much more frequently used to simplify the calculation of posterior 
probability distribution.  
Usually, once the assumptions are made for the data deduction process and the model, their likelihood 
function will be uniquely determined by the selected model and considered as the given factor[4]. A 
conjugate prior distribution cluster can be determined for the specified existed likelihood function. It will 
be easy by integrating the distribution cluster with the likelihood function.  
During the analyzing process of  , the deductive process of sampling data can be regarded as meeting 
the conditions of a Bernoulli model: There are only two output data processes for each test, i.e. “success” 
and “fail”. At the same time, it satisfies the assumption of stability and independence, i.e. every test is 
independent,  is a constant. Conceptually,  can be any of the real numbers between 0 and 1. Therefore, it 
is considered that the prior distribution of   is one of the conjugate distribution cluster (i.e. Beta 
distribution cluster) which is corresponding to the Bernoulli process [5].  
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Where, r’ is the prior accident times and n’ is the prior test times, and n’ >r’ >0.  
The Beta distribution density function in formula (6) is a binomial distributed probability quality 
function. The concept of “equivalence sample” is applied here, i.e. it is considered that the prior 
information of   is roughly equal to the sample information of the process, which means the explanation 
of conjugate cluster can be directly used to evaluate its prior distribution. It is very useful for the evaluation 
of the prior distribution of  as for the operating overtopped earth-rock cofferdam, the breakdown 
information of downstream protective face after overflowing is usually accumulated. Its prior information 
is roughly indicated that there are r’ risks during n’ overflowing process.  
Likewise, the posterior distribution of   is one of Beta distribution cluster: 
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Where, r″=r′+r, r is the times of test accidents; n″=n′+n, n is the times of sampling test.  
It is indicated that the posterior density )( yf  f can be determined by adding n’ and r’ of the prior one 
with the sampling result n and r. 
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As for Beta distribution, its mean   and mean-square deviation   respectively are: 
 = r/n 
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The prior 

 , 

 and the posterior

 , 

 can be calculated by putting  n′, r′and n″、r″into the 
formula.  
If regarding the past experience and current sample information as history knowledge, i.e. the posterior 
distribution of some period is considered as the prior distribution of the next test; then carrying out several 
statistical test; the new prior distribution can be obtained after getting new samples. In this way, the 
distribution of   can be continuously modified and updated, thus the time variability property of   can be 
quantitatively obtained. Obviously, the time variability concept of   can be reflected by the modifying and 
updating of prior   distribution by the renewed sample information.  
Therefore, the function of conjugate distribution is requiring that the prior distribution and posterior 
distribution belong to one category, the experiences and current sample information have some identity, 
and thus they can be inverted into experience of the same category.  
5. Back analysis of the break cofferdam by   
The changes of overtopped flood q (h) can be deducted by  . The discharge capacity q(h,  ) can be 
expressed as a random process under the uncertainty influence of water level and  . When disregarding 
the random impact of q (h) is expressed in formula (2). 
When   is randomly distributed,  df
1
0
)(  is the mean of . Therefore, its discharge mean q is:  
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Where, f ( ) is the probability density function of accident rate . 
Put formula (8) into the reservoir flood routing random differential equation proposed in [6], the random 
water level H (t) can be obtained; i.e. the cofferdam-break risk rate is calculated and determined by 
parameter back analysis.  
Obviously, it indicates that only by introducing the time varied overtopped earth-rock cofferdam, 
accident rate into the analysis of flood routing random process, can the cofferdam-break risk rate be 
comprehensively and precisely estimated.  
6. Conclusion  
The uncertain factors which can influence the accident rate   of overtopped earth-rock cofferdam are 
extremely complicated, especially the time variability property of engineering aging, which can greatly 
change the random behavior of . The analysis of the time variability property of   has great significance 
for precisely predicting the cofferdam-break risk rate.  
It is feasible and applicable to use updated sampling test results of overtopped earth-rock cofferdam to 
modify and update the accumulated prior prototype statistic information to determine the random 
distribution of   under time variability conditions by Bayes approach. The assumption of the deduction 
process of   sampling data in accordance with Bernoulli model is applied in this paper. According to 
“equivalent sample”, it is believed that the prior information of   is equivalent to the sample information 
from actual operation process, whose distribution meets the Beta conjugate distribution cluster conditions. 
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Therefore, the calculation of the posterior distribution of   is simplified, which is very helpful for 
realizing experience information and new sample information integration.  
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